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(54) SINTERED PERMANENT MAGNET 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve the corrosion-resistance of a 
R-Fe-B sintered permanent magnet, while maintaining high magnetic 
characteristics. 

SOLUTION: R (R is at least one kind of rare earth elements including Y) 
is 27.0-31.0 wt.% B is 0.5-2.0 wt.%, N is 0.02-0.1 5 wt.% O is 0.25 wt.% or 
less, C is 0.15 wt.% or less, with remaining part being Fe. An R-Fe-b 
quenched alloy for the sintered permanent magnet which comprises 
two-phase composition corresponding to substantially a main phase and 
R-rich phase of the permanent magnet is used for manufacture. 
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^^T'200 o CXia#r^PiiLT^ffi%ffl^r^* U ZfcV* 
T*4. 0X10" 4 torrO^f*TT?15°C/^(7?#?g.^'ei070 0 C 

ft«Offl^Sr^Lfci:Z6, Nd 27.0%,Pr 0.5%,Dy 1. 
20 5%,B 1.05%,Nb0.35%, Al 0. 08%, Co 2.5%,Ga 0.09 
%, Cu 0. 08%, 0 0. 16%, C 0. 07%, N 0. 055%, a^Fei 

, <7)^fl{i;4%-efcofc 0 ZWjgg$tft:{wAr^x#ffl^Cct'T?900 

{Z, B£5^8mmX8nimX2mmW— fc&mz)}\\X&, -^cnft 
30 mzmg-iovmom* 9*&MLfc 0 lk^XZ\<D&,&& 
2%JE, i20 < C,S^ioo%co^f*tc:agL, a#WioSiSi- 

iC, 2500^F^SrSiiLT ! fe > Ni^ y ^{CSff &ix 

[0 0 2 6] (*i£^J 2 ) SaW^-$T?Nd 22. 3%, Pr 2. 0 
%,Dy 5.5%,B 1.0%, Nb 0.5%,A1 0. 2%, Co 2. 0%, Ga 
0. 09%, Cu 0. 1%, 0 0. 02%, C 0. 005%, N 0. 003%, 5SS|5F 
eCOijSfig^-rS, W-Ztfo. 2~0. 4mmO^#t-a-££, 

xhyy?*-** Hfe-Cfmufc. 
40 £, Ar^X^ffl^ct3T'1100 t CX"l#MiraiftLfc o ^{Oj< 

*a*^#fflft4't?aitte«IlC«»U-C 4 32mesh«Tro 

6, Nd 22.3%,Pr 2.0%,Dy 5. 5%, B 1.0%, Nb 0.5%, A 
1 0.2%, Co 2.0%,Ga 0.09%,Cu 0.1%, 0 0. 11%, C 0.0 
2%, N 0. 006%, 3S|$Fe t^O jtfft ffi^Wfc Z <DWM*8. 
50 ^lOOkg^v?! 5/ h 5 /M*JK8A Ufcft, y h */U 
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£o%(aBS#WfHfi-eo.oo2%) bhfz. &^X\ 

tlS. Okg/cin 2 , JR*Ml»©W»»12kg/Hr(0*ftT?»«'b 
fc„ $^©¥*&ft£tt3. 8 m mX'fe o fc 0 ^yhS/l' 

o, mumm® £ bfc^ssrasawi u n* 

fit, ®.Wm<n&Z1)Mir5 z £ -C#ft0>#fi#a«77fi*% 

Iff -f t*9"C10k0e(Z)iaiR]^#^rPpAD b 1. 5 ton/cm 2 10 

*L££»KW\ j«?B^(cttiiBi«)J?4w*ai<07-f/u^ 
^i^^ICifctttfflUfc. J*JI*#:tt, 5.0X10" 2 t 

U &V^-C5.0X10" 4 torr(3D^{4 : T'ei5 o C/^C0#?a3i^ 

-eiooo'cg -e#ts u ^r«o?as-C3^^ L-c*tt l 

fc 0 SH&#«)»jSSr$HlfLfc£r5, Nd 22.3%,Pr 2.0 

%,Dy 5.5%,B 1.0% Nb 0.5%, Al 0.2%, Co 2. 0%, Ga 

0. 09%, Cu 0. 1%, 0 0. 14%, C 0. 06%, N 0. 040%, gsgflFe 20 

ifflWfp|i95%, SAttStfl3#m£U : 0£til$A!fc®fi 
g|£S&ill 0 id^-fo "O^#:iCAr^f^#ia^'f'-C90 

or x 2B#w 1 460^; x i#ra©jRiB«srfc 1 was, ut„ w 

(C v E^$r8aimX8mmX 2mmCD— ^ffet-ADI^ -?r©S 
BIC^fflOMmroNi^ y*fcKLfc. ^V^T^CD^S: 30 
2fU±, 120t;,a«100%Oft#^ttEU, B#W©ffiiK: 

2500B§f B 1^Si§UTfcNiy y fefl 

r, Wfftittst* ufc„ *fc % mio«t?), 
[0027] mnn 3 ) mxgww& 20. 7%, pr s. 6 

%,Dy 1.2%,B 1. 05%,A1 0. 08%, Co 2. 0%, GaO. 09%, C 
u 0.1%, 0 0.03%,C 0.006%,N 0. 004%, 2fefflSFe0>&J$ 

&&&0.l~~0.5nmCDWft®:'&&*, * MJ y 40 
7*-**b8n*fls|4Lfc. Z«*1lfft«)-g^S:, Ar#* 
#H^*-C900'CT-3B#Min^ Lfc. Jfc(C7KS^ SrffiJB 

H«*-eaM*Wfc:*E#L-C\ 32«Bsh6lT0>««B»*L 
fc 0 ^©JlCHa»«)»fttiMlfLfci:i*, Nd20.7%, 
Pr 8. 6%, Dy 1. 5%, B 1. 05%, Al 0. 08%, Co 2. 0%, Ga 
0. 09%, Cu 0. 1%, 0 0. 13%, C 0. 03%, N 0. 009%, ^SBFe 50 
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Ar# X * 0Sg*?)tIg ft HSCl$K0% (Bfc*#WSHn?0. 00 
2vol%) t tfco JfefCAr^tfCOrfc TyxCQJt^trO. OOSvo 

*&S8kg/Hr©^#-C?^#Lfcc J>*> b SA^>«Bia<l 

p ttiH£^ffl(iSD o B ^ai7fe^-^<-x*/i'PA-3o, taytmrn 

cOiSrSOM-TS r £ T-®*&(OM^^75fil:%<Z>JF^^ 7 
P-iLfc, »©5F^fe^H:4.0MmX-feo 

g3ftS£#£EP;to ?>0. 6ton/ctn ! <DI&M&.-?m.#j& : & 

H#i^lllinmCOe§(D^TM»7 ^ Sr±^>'5 L ffi^feT 
fig®#tt, 6.0X10" 2 torr<DSES4«t?180'C 
X4BfWJDilLT^ffiWS§r^*L, &V^f3. OX10" 4 
torrCO^fipTT'15t;/^<O#tajSS'ei070t;*T-#?a 

Sr^tUfctr^, Nd 20. 7%,Pr 8.6%,Dy 1.2%,B 1. 
05%, A10. 08%, Co 2. 0%, Ga 0. 09%, Cu 0. 1%, 0 0. 18 
%, C 0. 07%, N 0. 075%, Bffie t V* 5 ^tffl&#fc. - 

^10/i m&T<D±ffi&FuU<n^fkv>mi®Q%s 1£5kW&. 

Z<Dm&m^brjfZWm%i x ¥X~9Q0'K:X2mffl t SIO^X 1 
i*BBolftjB!SI*# l mffi Lfc 0 MMiX{|Miftm!t&M 

53c^«5©Wtttt4rffffii"Sfcii>tC % a5%8mmX8mmX 
2mm©-^&tiPX^, -e(75ftfilClI^10Mm»Ni^ 
-y^ft^Lfc. *V^r<S5|*!^4r2«U±, 12tfC,iBKl00 
%(75lfe#[CSfeBL, ^IHjOgSBfcStfi-SNi^ y*^* 
KSS&P'<fc <. *2(c:^-rj;5i-s 2S00HWiJS:8ifi 

Ufc. 

[0 0 2 8] (*SW4)fi*5^T?Nd 22.0%,Pr 5.0 
%,Dy 1.5%.B 1.1%, Al 1.0%, Co 2.5%,0 0. 02%, C 
0. 005%, N 0. 005%, ^Sl5FeCO«aj?!cft*-t-5 , J¥ $ #0. 1 
~0.4mm©lWt£-&£, ^ h V y 7*f * Y&tfm 
Lt„ ^©*#*t©^&Sr, Ar^^#HM [ fT?1000lCt? 
2B#ffi3t)PmUfc 0 |ft«ia«©*fflr^ASra*^^*il 

fc 0 z <Dmnfflfo<Dm!&z£$x it^^, Nd 22. 0%, 

Pr 5. 0%, Dy 1. 5%, B 1. 1%, Al 1. 0%, Co 2. 5%, 0 0. 14 
%, C 0. 01%, N 0. 009%, mn?e h^O 7>WW**fco £ 

W^UlO%(^^*rtHfir-0.002vol%) t Lfc 0 ft!^ 
T% ©#1±^7. Okg/cm 2 , BR*Ma»»§fe»l:10kg/Hr©* 



15 

y — £\ ^^-r tr^-f rt-mikOeOEiMMUSrHtto L 
Jfe*« 6)0. Ston/cm' ©j*JKBET?S5ti*Jg Lfc. KfaK#© 

^ttt»tt^aj?L*#aaa9:it» js^fcttinM©**© 10 

it, 5.0X10"' torr<O^^4''C*200 o CX2H#rBWPf^LT^ 
<fr&*lift&l5§S±U #C^-T?2.0X10" torr<D#j*TT*15 

^/#©#*£3f ^-c-io8or;*T-#m u -t ©iitf-esB^BB 
{mLxm&Ltz, WoM^HrLfctr^, Nd 

22.0%,Pr 5.0%,Dy 1.5%, B 1.1% Al 1.0%, Co 2.5 
%, 0 0. 17%, C 0. 07%, N 0. 060%, mMFek ^ 5 

%s ^^i^lSAtmmitOitt^^SCOE^^fPtt? 20 
%-C£>ofc„ r.<7?^#iCAr^#H*, c PT"900 c CX2fl# 

f a li600t:x lBfra^lKi^a^^ i \el1& Ltz a «*ni#s 

®.%m , &%m'fe tfc t r 5, a 2 t^i- £ 5 fca&fctt 

£ftfc 0 Clcoa<^5»!Sittttrffffi1-SfcJt>^, m& 
S:8mraX8raBiX2mraCO— ^Tt-&{cADXfg, -^-(75*5^11 J5l 
OfzmONi;** y^fiUc ^T'^CDf^^^JE, 120 
°C, tlJtl00%co<feftic;&BU B#f B ^^iill-*J"rSNi^ 

yZro^tmumzm^tz. „ *2i^t 2000 

fffifctt^ Lfc„ 30 
[0 0 2 9] (Jfctfefll 1 ) HJ&ffl 1 T'{^M LfcMMfrD^ 

H«l 1 1 n C^tt-Tfja***!!! fc«**««6»Sr 

©iffl/tt: fttirht. tZZ. ttWft&VM 27. 0%, Pr 
0. 5%, Dyl. 5%, B 1.05%,Nb 0.35%,A1 0.08%, Co 2.5 
%, Ga 0. 09%, Cu 0. 08%, 0 0. 10%, C 0. 02%, N 0. 007 

m 1 1 n-©*ft-ciWB» ufc, «■ & *ttist&©5p*9K 40 

M i £ |B3-o^#t**j r ft o & 0 JKttflrofijft* jHff L- 

Nd 27.0%,Pr 0.5%,Dy 1.5%,B 1.05%,Nb 
0.35%,A1 0.08%, Co 2.5%,Ga 0. 09%, Cu 0.08%,0 0. 
14%, C 0. 06%, N 0. 045%, ^gRFe b^y #*ftt&ftfc. 

©«!£#©, ff*£ffittA0ttiPR&*tt-5, Sb b b& 
£#10 *i mJ^T©:£tSI&l££©ffi«©ftte78%, 
^3^3^ m&±©£*gii£ii©©p|§©ft{£12%T-&o 50 
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7frf& 0 g?H#!J 1 CDftfCit-^TBr, iKc^TjSVMg 

J:5Ki200fip|HISrtti8L-Ct>Ni>* y*Jc*#!WB»&6li 
T£JS±£:< IWjB4v^*JPK:aE>5r.i^i>3&>ofc!4S, 20 
ooBfrlfloftjBVNi;* y*0fe-f£»&'^Jt#(JB£U m 
MM 1 -ettSr Lfc*5l£ft t ©tt:|fET?ttiSlttttt*5 i t 

[0030] (jtngM 2 ) iggfty 2 1 m-mm^-tz 

ffimtMA'Sftitmxm 22.3%,Pr 2.0%,Dy 5.5%,B 
1.0%, Nb 0.5%,A1 0.2%, Co 2. 0%, Ga 0.09%,Cu 0.1 
%,0 0.01%,C 0.004%,N 0.002%,jRS|JFeT?&ofc. 

g-^-CNd 22.3%,Pr 2. 0%, Dy5. 5%, B 1.0%, Nb 0.5 
%, Al 0. 2%, Co 2. 0%, Ga 0. 09%, Cu 0. 1%, 0 0. 10%, C 
0. 02%, N 0. 005%, aSliFe ± V % 5 ##rf! ~ ©H 

fc«M»© 3 PJ©*i*tt4. Tumi, %tfe«| 1 ©»-g-^tfc-< 

©xst>, ummz tn-©^-e*jrft^fc 0 

©JlftfiftSr^W Lfc £ r 6 , Nd 22. 3%, Pr 2. 0%, Dy 5. 5 
%,B 1.0%, Nb 0. 5%,A1 0.2%, Co 2.0%,Ga 0.09%,Cu 
0.1%, 0 0. 12%, C 0.06%,N 0.030%,agI5Fei:V^^ 

WffiSrWfco ©«£&*©, tt?±AtlAo|lii{KK:# 

SB B B ^^io M meiT©^al§B|ife©B«©Slii 
61%, INM!fcg#13j« mJM±©^S B B a^©ffia©?Pl± 
22%T'fc o fc= r ©ffilt«cro«[gi ffiDf* ^ (DM« Sr 0 
1 1 fc^1- 0 r ©*^flfi^©«EmW ttSrfHffi Lfc £ Z 
5, a2t*i"J;5t» HJS^2©fg£lSfSP^©S» 
ft®T*S)ofc 0 Sfc, -©*^WSE©i8ttffi|±, %l2\z 
^fJ;5t'1000^ra?rffi^LTfcNipi ydp|^flr*SB© 

# , l900B#ffl©^igT-Nip< y^©-StrfcT3!l>ft/^ffi 
as*^L, 2 t?«aLfc*X«5i: ©ittSET-fiSff 

8Lmz%Z>zt1>mW^1zo Hi lit), Jt«0! 

[0 0 3 1] (tfcRW 3 ) J|tt#J 3 T'ftffl bfc(D t m- 



(10) 



17 



Jfctt4.0fxmTMbofc D 

fc 0 j^#«i|iU£«r$MJrbfc£ C6s Nd20.7%,Pr 8.6 
%Dy 1.2%,B 1.05%,A1 0.08%, Co 2.0%,Ga 0.09%, 
Cu 0. 1%, 0 0. 18%, C 0. 07%, N 0. 010%, g|g|5Fe 

92%, 13m mglJicD±tl^ti©^B^©^ltt4%-efoo 

*1%fc 5 fcjyjft«S:»fc. L*»U £©*&«W«>» 
tittfi, S! 2 }C7rH~J: 5 [-192B#fffl-?Niy y ^K^^ffi 
a*$8£U &&ft t, OT-fifti^ £ tf^Jo fc 

[0 0 3 2] (£b<j&#J 4 ) m*H^^T"Nd 30. 0%, Pr 
0. 5%, Dy 1. 5%, B 1. 05%, Nb 0. 8%, Al 0. 2%, Co3. 0%, 
Ga 0. 08%, Cu 0. 1%, 0 0. 02%, C 0. 005%, N 0. 005%, S£ 

Ar^f^*a8« l: t , 'T?950t;t?4l$raJP«lLfc. 

£#£LLoo550^*Ti$ff#©£&£MU ^rCOtfi 

£3*#*£B^*T«ttttfc«»LT* 32raesh«Tro 

5, Nd 30.0%,Pr 0.5%,Dy 1.5%,B 1.05%,Nb 0.8%, 
Al 0.2%, Co 3.0%,Ga 0.08%,Cu 0.1%, 0 0. 12%, C 0. 
02%, N 0.009%,a?|5Fei:V^^fffitSrt#fc o Z(DJ%® 
flt&lOOkgSrv^ y h ^VrtCiALti, S^x y M 
;UrtW«:Ni U fc#;**roK*»g«rS0t 30 

Wfc0% fflfc**KffHI[TfO. 001vol%) t Lfc 0 #CV^T\ 
»J£7t>7. 5kg/cm , JWB^©ftft*10kg/Hr«>*ft-e 
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^PA-30, fflftftBIO SrWfc Lfc£»*i*SK»!flfc U , N* 
^#H^, I fT-»^E^S£^ffl l P--lElilXbfc < , mum 

+ tT-r-f !*3T'14kOe©E[pHK#€rP|]*P t-ft?^ b0. 8to 

-f^&i^X^ffifcfcX-CfcfflLfc. ^#:Fi> 5.0 
X 10' J torr<75^S cf>-e200t; X 2B#p B ^nS*i LT-^i&Siift 
SrfifcfeU ft^T'S.OXlo" 1 torrC5^TT'15 , C/55-»# 

fiiigT"io80 , c* u * ©HaeT!3i*nww* l-c 

$E*£Lfc 0 jH»flc©|Bjftt»*fLfcir5» Nd 30.0%, 
Pr 0.5%,Dy 1.5%,B 1. 05%, NbO. 8%, Al 0.2%, Co 3.0 
%,Ga 0.08%,Cu 0. 1%,0 0. 15%, C 0.07%,N 0.060%, 

^coffi^ro?ptd:92%, ^ B B B f3»l3,u m£U:©±ftteS 

fe«®®cDfpfi4%T-*>ofc„ ^<Dim&m^hrtf *%.m 

^fp T'900t X2^F^ 1 550°C X mffl<D%i%m&%- 1 IUK5 

■t5fcfeiC s ^^8nmX8i»nX2mm<0— ^^jfel^PX 
tt, ^r(!D*ffi(CJKJ¥lO*tmCONi^ ydf-SrJfebfco &^T" 
^©KWSr2ftBE, 120°C,?aSlOO%©^fftfegU, B# 

5, S2 \Ztf1t£ 0 (-48B#M-eNi^ 

[0 0 3 3] 
[*2] 
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T^±tl^Blte»®^(7)f0^ 6 4 %, M B B B *i^ 5 13 m m 

[is 3 1 «^ita©»ffia»c*H-5sajKS*sio#mfit 

T<0^ta^At£W®^<0?p^ 9 6 %, ^el&M^13 /i m 
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[no] m^±tem$h<Dnmm\z.ttirz>, 

[011] tt&±tttt*0ftiS8to*H-S. 
10 M mKJlT©±ffi^g*tWffilS«0^>SS61%, &&&&& 
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immP] 4^-2 M 6 0 (2 0 0 2. 2. 6) 

i^wisje i ] 

[WJE^m WW. 

0 l^Xft2g|£U:)27.0— 31.0%.B 0.5-2.0%. 
»»U MttJMV-B*ftft^fc800T,~1100r,P»Ml 

r§t^]g 2 1 itrfaR-Fe-B^^L^^ao. 2-0. 5rnng>jji 
5%<D 1MXI4 2«£1±)27.0~31.0%,B 0.5~2.0%,N 



0. 02-0. 15%, 0 0. 25%^T, C 0. 15%£tT, #l£l$FeCDffl. 

5 *j CO 1 MX!* 2 mSl±) 27. 0-31. 0%, B 0. 5-2. 0%, N 
0. 02—0. 15%, 0 0. 25%UT, C 0. 15%£(T, «£BFe<7>£l 

10 a m£lT<O±tBlt*«t©ffi8t«)ft*S80%eJl± 1 ,^ B B B & 
£gtfSl3 ,i m&i:cOiffi^ g B B *i(75H^(7Df[3/4SlO%^TT-fc 

[ft*>5L§.] FeCO-fii^rNb 0. 1-2. 0%, Al 0. 02-2. 0 
%,Co 0. 3— 5.0%,Ga 0.01— 0.5%, Cu 0. 01— 1. 0%CO5 
*> 1 «Xt* 2«ja±-gB»i-a HMPt4 KM: 5 fcfEttO 

fiH8*iHc«)fli*<13.0k0eW±T?S>5ffl^ 

34J2^<7?v^n;HcfEtfco^M7mteJo 
[#^*IE3] 
[»jE*t*«S*I Hftl* 
[*iEWS@£] 00 0 1 
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